The radiation pattern of a monopole antenna with a small electromagnetic crystal (EMXT) reflector was investigated. High frequency structure simulations predict a considerable amount of near-field shielding with undisturbed antenna impedance matching when a perfect magnetic conductor reflector is positioned near the monopole. The pattern distortion created by the reflector gradually decreases, reaching a minimum in the far field. Experimental results show the monopole with an EMXT reflector, l 0 =4 Â l 0 =2 in size, produces a radiation pattern with a front-to-back ratio of 10.8 and 5.7 dB in the near and far fields, respectively.
Introduction: Electromagnetic crystal (EMXT) substrates, originally introduced to prevent surface currents on antenna ground planes [1] , possess a property unattainable from ordinary metal plates and behave like perfect magnetic conductors (PMCs) at the crystal resonant frequency [2] . Microstrip and metallic waveguide filters have been built by utilising the frequency-dependent surface impedance of the EMXT substrates [3] . In recent studies, EMXT structures were placed near patch antennas to increase the antenna directivity and suppress the backside radiation [4, 5] . In this Letter, we propose a simple antenna system built with a monopole and a small size EMXT reflector to obtain near-field shielding behind the reflector while maintaining a relatively uniform radiation pattern in the far field, which is a useful antenna property in personal communication systems. Reflector design: To estimate the change in radiation pattern due to a reflector located near a monopole, Ansoft's high frequency structure simulator (HFSS) was used to calculate the front-to-back ratio (FBR) of the radiation patterns. Our transmitting system, shown in Fig. 1 , consists of a l 0 =4-long monopole antenna with a rectangular ground plane and a thin reflector plate. The metal ground plane, l 0 =4 Â l 0 =2 in size, is required to obtain an adequate antenna impedance as it provides a return path for the current flowing on the monopole. The thin reflector plate, l 0 =2 in height (h) and of l 0 =4 in width (w), is positioned 3 mm away from the monopole. Because of the small reflector size, the monopole radiation pattern could be influenced by the surface impedance of both the front and back sides of the reflector plate. Therefore, different combinations of PMCs and perfect electric conductors (PECs) were tested for the front and back sides of the reflector plate in HFSS. In calculating FBR, the total E-field regardless of the field polarisation is sampled along the one-dimensional Hplane cut at the centre of the monopole antenna. The summarised simulation results in Fig. 2 show that the reflector with PMCs on the front side only produces larger FBR compared to the reflector with PMCs on both sides. In addition, both types of reflectors have a strong impact on the pattern in the near field at distances less than l 0 . The pattern distortion created by the reflector will gradually decrease as the distance increases and FBR eventually reaches a minimum value in the far field. Simulations also indicate that reflectors with larger widths produce radiation patterns with higher FBR. Since there is a trade-off between the desired near-field shielding and the far-field pattern uniformity, a proper reflector size should be selected according to the system specification. Experiment: An antenna system identical to that simulated using HFSS was built to confirm our theory. An EMXT substrate with a resonance frequency of 2.03 GHz was used in place of the PMC reflector plate. To fabricate the EMXT on 1.6 mm thin Teflon (e r ¼ 3.5), we adopted the two-layered thumbtack approach proposed by Sievenpiper [1] . The EMXT dimensions are shown in Fig. 3 , along with the results from the surface reflection measurement performed with a standard rectangular waveguide. Owing to very large surface capacitance, our EMXT has a very narrow bandwidth of 0.06 GHz over which the equivalent reactive impedance is greater than the waveguide characteristic impedance of $ 520 O. The large capacitance is also the reason for the measured significant reflector power loss of 2.9 dB. Thus, instead of being a true PMC, the EMXT substrate will have the equivalent surface impedance of only 3000 O=square at 2.03 GHz. According to HFSS simulations, such a resistive plate will behave similarly to a PMC plate although the total radiated power will be reduced due to the loss in the reflector substrate.
The impact of the EMXT reflector on the antenna impedance and the total radiated power was examined next (Fig. 4) . The monopole without any reflectors showed a good match to the 50 O cable impedance near 2 GHz. When the metal reflector was added, the antenna was no longer radiating effectively and one-dimensional far-field pattern measurements indicated that the total radiated power dropped by 10 dB. Adding the EMXT reflector, however, had little influence on the antenna impedance, and the total radiated power dropped by only 1.0 dB due to the EMXT dielectric loss. The near-and far-field radiation patterns of the EMXT reflector antenna were also measured along the H-plane at 2 GHz. The near-field pattern, measured at 0.25l 0 away using a probe made from a short section of coaxial cable, showed a sharp decrease in power at the backside of the reflector, as shown in Fig. 5 . The estimated FBR for the measured pattern is ' 10.8 dB. The pattern measured at 13l 0 away using an open-end rectangular waveguide as the receiving antenna, however, produced the FBR of only 5.7 dB and showed <6 dB deviation from the pattern measured without any reflectors. Radiation patterns obtained using reflectors with larger widths showed increased near-and far-field FBR and higher antenna directivity. Measurements performed with two EMXT boards combined back-to-back to form a reflector with PMC surfaces on both sides produced patterns with similar FBR, but showed larger radiated power loss owing to the dielectric loss on both sides of the reflector plate. Conclusion: Both theory and experiment confirmed that effective near-field shielding can be achieved by placing an EMXT reflector less than a free-space wavelength in size near the radiating antenna element. The measurements showed that the distortion created by the reflector becomes less severe as the distance from the antenna increases. A more compact reflector antenna system can be built by replacing the monopole antenna with a planar feed structure. 
